In this text, we provide the theoretical analysis of the equilibrium points in the Since the fraction r Rm is nonzero, the fixed point y = 0 of the reduced system is 8 unstable. Consequently, the fixed point [1, 0] is unstable as well [1]. 9 PLOS 1/5 Since the fraction r RmN is nonzero, the fixed point u = 0 of the reduced system is 65 unstable. Consequently, the fixed point [0, pβRm αbm ] of the original system is unstable [1]. 66 PLOS 4/5
For the fixed point [1, 0] , we have 7 J(1, 0) = −pβ 0 0 0 .
Then we cannot determine the stability of this fixed point based only on the eigenvalues of the Jacobian. Instead, we study its stability by further using the center manifold theorem [1] . To do that, we take x − 1 = z, then the equation system becomes
Using the center manifold theorem, we have that z = h(y) is a center manifold for the above system. We start to try h(y) = O(|y| 2 ), which yields the reduced systeṁ
In this case, we have 1 + 1 α − Rmr αbmN + pβRmr α 2 b 2 m N < 1 and R m − N bm r = pβRm αbm . As a result, 11 there are three fixed points in the parameter space, which are [0, 0], [1, 0] , and 12 [1, R m − N bm r ], respectively.
13
The fixed points [0, 0] and [1, 0] in which one eigenvalue is zero and the other eigenvalue is negative. Accordingly, we study its stability by further using the center manifold theorem [1] . To do that, we take x − 1 = z and w = y − (R m − N bm r ), then the equation system becomes
We further let M be a matrix whose columns are the eigenvectors of J(1, R m − N bm r ), 
Using the center manifold theorem, we have that v = h(u) is a center manifold. We start to try h(u) = O(|u| 2 ), which yields the reduced systeṁ
Since αbm Rm = 0, the fixed point u = 0 of the reduced system is unstable.
20
Consequently, the fixed point [1, R m − N bm r ] of the original system is unstable [1] .
In this case, we have 1 + 1 α − Rmr αbmN = 0. In dependence of the efficiency of inspection 23 and punishment we can further distinguish three following subcases.
24
(1) For b m α(1 − ec r ) < pβ 25 We then have 1 + 1 α − Rmr αbmN + pβRmr 
29
(2) For b m α(1 − ec r ) > pβ 30 We then have 1 + 1 α − Rmr αbmN + pβRmr
As a result, the system has four 31 fixed points in the parameter space. They are [0, 0], [1, 0] , [1, R m in which one eigenvalue is zero and the other eigenvalue is negative. Accordingly, we study its stability by further using the center manifold theorem [1] . To do that, we take x − 1 = z and w = y − pβRm αbm , then the equation system becomes
We further let M be a matrix whose columns are the eigenvectors of J(1, pβRm αbm ), which 43 can be written as 
46
Consequently, the fixed point [1, pβr αbm ] of the original system is unstable [1] . in which one eigenvalue is zero and the other eigenvalue is negative. Accordingly, we study its stability by using again the center manifold theorem [1] . To do that, we take x = z and w = y − pβRm αbm , then the equation system becomes
We further let M be a matrix whose columns are the eigenvectors of J(0, pβRm αbm ), which 62 can be written as Using the center manifold theorem, we have that v = h(u) is a center manifold. We start to try h(u) = O(|u| 2 ), which yields the reduced systeṁ u = − r R m N u 2 + r 2 u 3 R m αb m N 2 + O(|u| 4 ).
